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Indirect Methods for the Measurement of Blood Pressure Almost all the methods currently available for the indirect determination of arterial pressure are variants of the standard clinical technique. An occlusion cuff around the upper arm is automatically inflated and deflated cyclically or intermittently, the phase of inflation being rapid, and that of deflation slow. The pressure within the cuff is recorded, and correlated with some event appearing in a more peripheral vessel of the arm or finger.
There is no great difficulty in obtaining the systolic pressure by such methods, for the detection of the first pulse of blood to escape from beneath the cuff can be accomplished by a wide variety of mechanical or electrical transducers. The estimation of the diastolic level, however, presents great problems, and no instrument can be regarded as entirely satisfactory in this respect. The most successful and popular devices have faithfully copied clinical practice by using the Korotkov sounds recorded from a microphone in, or just distal to, the occlusion cuff. Refinements of this technique have included coincidence circuits to isolate discrete regions within the range of audible frequencies, and thus to reduce the inevitable artifacts produced by movement. This principle was adopted in the space flights of the American Mercury series, and it is also likely to be used in future experiments.
Other workers have accepted more or less arbitrary criteria of the diastolic pressure, based upon the amplitude of the detected arterial pulsations, which first increase in size and then decline again as the pressure within the cuff falls. More recently, a double cuff consisting of two connected and overlapping halves has been introduced, and the diastolic level has been taken as the point at which the oscillations of pressure within the two parts are precisely in phase.
The objections to all these methods are the same. Apart from their susceptibility to artifacts, they are all incapable of registering rapid changes in the blood pressure, they all give intermittent rather than continuous readings, and they all provide a diastolic value which is considerably displaced in time from the systolic measurement. Worst of all, the answers which they give cannot always be reliably related to the arterial pressure as measurcd by more direct methods.
Dr Percy Cliffe (Department ofClinical Measurement, Westminster Hospital, London)
Electromanometry
The electromanometer consists essentially of a flexible diaphragm mounted in a chamber and connected via a catheter to the source of pressure to be measured. The system is filled with saline. Fluctuations of pressure cause displacements of the diaphragm % hich are sensed electrically.
Just as a musical note contains many harmonics or overtones of the fundamental, so also does a blood pressure waveform, and the electromanometer must be capable ofresponding to thehighest harmonic in the pressure signal.
The behaviour of such a system is controlled by three essential physical properties:
(1) The 'mass' or fluid inertia of liquid which oscillates in the catheter. If the catheter is narrowed, the oscillatory motion of liquid within it is increased and hence also the fluid inertia or 'mass factor'. The inertia also increases with the length of the catheter, and a large fluid inertia will decrease the frequency response of the system.
(2) The stiffness of the diaphragm. The frequency response increases with stiffness.
(3) Viscous resistance of the catheter to movement of liquid along it. This factor controls the free oscillation of the catheter-electromanometer.
The tendency nowadays is to use narrower and narrower catheters with Seldinger techniques. For a given length of catheter, if the radius is reduced the frequency response is likely to be low unless the diaphragm is made as stiff as possible.
Not only must a manometer be chosen with adequate frequency response when coupled to a given catheter, but adjustments must also be made to avoid the free oscillation of the system, which would introduce artifacts into the recording. Thus, if a sudden pressure change were applied to an electromanometer, it would not immediately come to rest at the new pressure level, because of inertia. A wide-bore catheter and stiff diaphragm combination would oscillate at its own natural frequency before settling to the new value.
The dissipation of this oscillatory energy is called damping, and the damping must be correctly adjusted if distortion is to be avoided. Damping increases with the viscosity of the liquid (e.g if blood enters the catheter) and with the length of the catheter. It is greatly increased if small bubbles are present. Reduction of damping is effected by increasing the diameter of the catheter or the stiffness of the diaphragm.
It may be shown that the optimal adjustment occurs when the overshoot to a sudden pressure change is approximately 6%. This condition is achieved by choosing a diaphragm of sufficient stiffness, so that with a given catheter the system is capable of oscillation, and then introducing a constriction by lengths of hypodermic tubing or a needle valve into the fluid line until the overshoot is 6%.
In this condition it is found that the response to signals of constant amplitude but increasing frequency is uniform within ±2% up to about two-thirds of the resonant frequency of the system. In practice, blood pressure waveforms require a frequency response of about 20 cycles/ second and modern electromanometers with stiff diaphragms are capable of resonant frequencies in excess of 30 c/s with a No. 4 Cournand catheter or 30 cm of 0 5 mm diameter nylon tubing.
The movement of the diaphragm is converted to an electrical signal in various ways. In the strain gauge electromanometer the movement of the diaphragm causes fluctuation in the tension and electrical resistance of wires attached to it. By arranging the wires in a bridge circuit an electrical output voltage is produced proportional to the applied pressure. Again the diaphragm may be arranged to produce a change of inductance between two coils arranged either side of it.
Alternatively, the diaphragm displacement may defect or defocus a beam of light reflected from it on to a photoelectric cell.
The electrical outputs from such transducers are amplified in order to operate pen and photographic recorders. The frequency response of this recording equipment should also be adequate to reproduce all the harmonics in the blood pressure waveform.
Dr Walter Holland (St Thomas's Hospital Medical School, London) read a paper entitled Assessment of Errors in the Determination of Blood Pressure. The substance of his contribution has been published in the following papers: 
